Adult patients with chronic pain are consistently shown to interpret ambiguous health and bodily information in a pain-related and threatening way. This interpretation bias may play a role in the development and maintenance of pain and disability. However, no studies have yet investigated the role of interpretation bias in adolescent patients with pain, despite that pain often first becomes chronic in youth. We administered the Adolescent Interpretations of Bodily Threat (AIBT) task to adolescents with chronic pain (N 5 66) and adolescents without chronic pain (N 5 74). Adolescents were 10 to 18 years old and completed the study procedures either at the clinic (patient group) or at school (control group). We found that adolescents with chronic pain were less likely to endorse benign interpretations of ambiguous pain and bodily threat information than adolescents without chronic pain, particularly when reporting on the strength of belief in those interpretations being true. These differences between patients and controls were not evident for ambiguous social situations, and they could not be explained by differences in anxious or depressive symptoms. Furthermore, this interpretation pattern was associated with increased levels of disability among adolescent patients, even after controlling for severity of chronic pain and pain catastrophizing. The current findings extend our understanding of the role and nature of cognition in adolescent pain, and provide justification for using the AIBT task in longitudinal and training studies to further investigate causal associations between interpretation bias and chronic pain.
Introduction
Cognitive-affective models implicate biased cognitive processes in the chronicity and maintenance of pain and pain-related disability. 13, 16, 17, 47, 57 Although evidence for biased attentional processes is mixed, 12, 52 studies of interpretation bias have demonstrated robust results. 51 Adult patients with chronic pain are consistently shown to interpret ambiguous health and bodily information in a pain-related and threatening way. 18, 29, 36, 48, 49 However, no studies have yet investigated biased interpretations in youth with chronic pain. As studies of altered cognition in adult chronic pain are likely to be confounded by recurrent episodes of pain and its management, the same studies conducted in youth with chronic pain may be more informative of the role of interpretation bias in earlier episodes of pain, when pain first becomes chronic and disabling. 30, 46 To address this gap, we recently developed a new measure to investigate interpretations of ambiguous pain and bodily threat information in youth: the Adolescent Interpretations of Bodily Threat (AIBT) task. 21 In a community adolescent sample, 21 we showed that the tendency to endorse negative interpretations and to reject benign interpretations of ambiguous vignettes was associated with higher pain catastrophizing and recently experienced pain. This interpretation pattern was not specific for situations regarding pain and bodily threat, but generalized across social situations. This lack of specificity may be because the sample was unselected, and we may expect more specific interpretation biases for bodily threat information in clinical pain samples. It is also unknown whether the tendency to interpret ambiguous information as being indicative of pain and bodily threat is clinically relevant, that is, associated with poorer functioning in pediatric chronic pain patients, as cognitiveaffective models would predict.
In this article, we examine the presence and role of an interpretation bias in adolescents with and without chronic pain. We expected that adolescents with chronic pain would endorse more negative and less benign interpretations of ambiguous pain and bodily threat information compared with a control sample of adolescents without chronic pain. We also expected that, unlike in community samples, adolescent patients' bias would not extend to ambiguous social situations. Moreover, given that previous research has shown strong associations between negative interpretation biases and anxious as well as depressive symptoms in adolescents,in anxious and depressive symptoms. The AIBT task also allows us to assess whether a negative bias is strongest for when patients report whether interpretations come to mind (interpretation generation) or how strongly they believe the interpretations to be true (interpretation belief), informing the point in the appraisal process that biases are most influential. If differences between adolescents with and without chronic pain were found in any AIBT task indices, we then examined whether these indices are linearly associated with functional disability among adolescents with chronic pain, beyond what is explained by severity of chronic pain, and by another important cognitive factor, pain catastrophizing.
Methods

Participants
Patient group
Adolescents with chronic noncancer pain were recruited from the Oxford Centre for Children and Young People in Pain (OxCYPP), based at the Nuffield Orthopaedic Centre, part of the Oxford University Hospitals. OxCYPP is part of an orthopaedic musculoskeletal referral system, receiving referrals from gastroenterology, neurology, orthopaedics, spinal units, rheumatology, and general practitioners. Participants were eligible for this study if they reported recurrent or persistent pain for more than 3 months. 37 Participants were also required to be between 10 and 18 years of age, and fluent in English. Participants were excluded if they were currently experiencing severe distress, based on expert clinician judgment by a consultant clinical psychologist. The recruitment period was between October 2014 and April 2016. Participants were recruited as part of a larger study investigating attention bias modification (ABM) training (data not yet published), but which involved a baseline phase where we also collected data on interpretation bias. Only data purporting to interpretation bias are reported here. As interpretation biases were measured before training, ABM training procedures do not affect data in this study. Patients and a parent or guardian were first approached about the study either after their first assessment session at the clinic, or after their second visit to the clinic during which they attended a pain education class with a small group of other patients and families. During these sessions, patients and their families were approached by a paediatric rheumatologist or the team's consultant clinical psychologist and asked if they would like to learn more about taking part in a research study. The clinician took verbal consent that the patient and parent or guardian were happy to be approached by a member of the research team, who subsequently provided the information sheet, answered questions about the study, and scheduled appointments. Seventy-three adolescents and their families were interested in the study, and 67 families agreed to take part. The first participant was recruited as a pilot participant and only completed a small number of measures to examine feasibility of testing in the hospital setting. Thus, the final sample comprised 66 adolescent participants (55 female; M 5 13.97 years; SD 5 2.13, age range 5 10-18 years). Parents or guardians provided informed consent for their children. In addition, participants aged 16 or older provided informed consent for themselves. Participants younger than 16 years provided informed assent. The National Research Ethics Service (NRES), part of the National Health Service (NHS), approved data collection from this patient sample.
Control group
Adolescents in the control group were recruited from 2 secondary schools in the south of England. The recruitment period was between January and July 2015. Members of the research team contacted schools, and the principals gave verbal consent to make contact with adolescents as potential participants. Teachers of 8 school classes then invited all pupils of those classes to take part. Parents of the participants were informed about the study by email, and provided informed consent for their children. In addition, participants aged 16 or older provided informed consent for themselves. Participants younger than 16 years provided informed assent. All participants were fluent in English. These participants were recruited and completed the AIBT task for a previous study to examine associations between interpretation bias and acute pain experiences in a community sample. The data from this sample are published elsewhere. 21 For the purposes of this study, we selected the data from participants in the community sample who did not meet criteria for chronic pain (ie, those who reported that they had not experienced continuous or recurrent pain for longer than 3 months). Thus, data from 74 participants were selected to be included in the control group for this study (42 female; M 5 14.95 years; SD 5 1.71, age range 5 11-18 years). The Central University Research Ethics Committee at the University of Oxford approved data collection from this community sample.
Measures
We collected demographic information to characterise age and sex for both samples. We also collected additional information on demographics and clinical history from the adolescent patients with chronic pain to appropriately characterise this sample and allow comparability with other clinical samples in the previous literature. Participants in both samples completed the AIBT task as well as measures of anxiety and depression, and catastrophizing. Only the patients completed a measure of functional disability.
Adolescent Interpretations of Bodily Threat (AIBT) task
The Adolescent Interpretations of Bodily Threat (AIBT) task is a computerized measure of interpretation bias for adolescents. 21 The task consists of 16 vignettes describing ambiguous situations. Half of the vignettes describe ambiguous situations that may be interpreted as relating to bodily threat or pain, and half describe ambiguous social situations. The situations reflect events that may occur at school, at home, or during everyday adolescent life, including both self-referential and other-oriented items. In the task, participants are first presented with one of the ambiguous situations in the centre of the screen. An example of a bodily threat situation is as follows: "Your dad jumps out of his chair and puts his hands to his face, making a loud noise. He is…." The situation is ambiguous because there are at least 2 different possible word endings, reflecting different interpretations. The participants are instructed to first read the situation and to imagine themselves in the situation before pressing the spacebar. After pressing the spacebar, participants are offered one possible end word that resolves the situation in a negative or benign manner. For example, "Your dad jumps out of his chair and puts his hands to his face, making a loud noise. He is hurt." Participants then rate whether that interpretation pops into their mind on a scale of 1 to 5 (1 5 does not pop into my mind, 3 5 might pop into my mind, and 5 5 definitely pops into my mind). After rating the first word, they are presented with a second word that resolves the situation in a different way; for example, "Your dad jumps out of his chair and puts his hands to his face, making a loud noise. He is surprised," and are again asked to rate if that interpretation pops into their mind. Finally, participants are asked to select the interpretation that most easily came to their mind. An example of a social situation is as follows: "You receive a notification that one of your classmates has put a comment on your picture on Facebook. While opening the webpage you think that it will be something nice/nasty." After the participants have responded to all 16 scenarios, they receive new instructions. Participants are informed that they will see the same situations again; however this time, they are asked to rate their belief that each interpretation would actually be happening in that situation (1 5 not likely, 3 5 maybe likely, and 5 5 very likely). The addition of this belief question has been used in a number of previous studies to measure interpretation bias in adults and children (eg, Refs. 8, 41, 53) . Bodily threat and social items are presented in a random order that is fixed between participants. Interpretations (ie, words ending the sentence) are also presented in a fixed random order so that all participants viewed the same order of items and response choices. Participants were not able to go back to previous items after making a response. Participants were not given a time constraint to complete the AIBT task items.
The current format of the AIBT task, specifically in which participants rate experimenter-generated interpretations rather than generating their own interpretations, was selected to be comparable with similar tools used in previous studies with adolescent populations (eg, Ref. 38) . This format also eliminates the need for experimenters to code participant-generated responses, and is therefore useful for using the task in larger samples. However, the current format could be easily adapted to include a free response component, which may provide additional information regarding participants' initial interpretations in the absence of experimenter-generated information.
Functional Disability Inventory
Patients' functional disability was assessed with the Functional Disability Inventory (FDI). This instrument assesses perceived difficulty in performing common activities in the domains of school, home, recreation, and social interactions. Children rate the difficulty they had in carrying out each activity in the preceding 2 weeks (0 5 no trouble; 1 5 a little trouble; 2 5 some trouble; 3 5 a lot of trouble; and 4 5 impossible). The FDI consists of 15 items and yields a total score that can range from 0 to 60, with higher scores indicating greater disability. The FDI has yielded good reliability and validity for children and adolescents 63 and for youth with chronic pain. 25 Cronbach alpha in this study was 0.90 for the total score.
Pain severity indices
To assess severity of chronic pain, patients completed one 11-point visual analogue scale indicating their average level of pain in the last 3 months (0 5 no pain; 10 5 worst pain possible), and one 6-point visual analogue scale indicating their frequency of pain in the last 3 months (1 5 on less than one day each month; 6 5 every day). These items were taken from the Brief Pain Inventory, 7 which has been widely used to measure pain experiences in clinical and nonclinical populations.
Pain Catastrophizing Scale-Child version
Participants' catastrophic thinking about pain was assessed with the Pain Catastrophizing Scale-Child version, 10 which was adapted from the adult Pain Catastrophizing Scale. 55 It consists of 13 items that yield a total score from 0 to 52. Higher scores indicate more pain catastrophizing. Subscale scores for rumination, magnification, and helplessness can be derived. The total score was used for this study. The PCS-C has good reliability and validity for children older than 9 years. 10 Cronbach alpha in this study was 0.88 for the total score.
Revised Child Anxiety and Depression Scale
To assess whether differences in interpretations between adolescents with and without chronic pain were due to differences in generalized anxious or depressive symptomatology, we administered the Revised Child Anxiety and Depression Scale (RCADS 6 ). The RCADS consists of 47 items, scored on a 4-point Likert scale from never to always. Higher scores indicate more anxiety or depression. The RCADS comprises 6 subscales but in this study we only calculated scores for generalized anxiety disorder (GAD) and major depressive disorder. The RCADS has yielded good reliability and validity for children and adolescents. 5, 19, 35 Cronbach alpha in this study was 0.86 for the GAD subscale and 0.86 for the major depressive disorder subscale.
Procedure
For the school sample (control group), all testing sessions took place at school. For the patient sample, all testing sessions took place at the Nuffield Orthopaedic Centre. After completing the consent or assent forms, participants were seated in front of a computer at a distance of approximately 60 cm from the screen to complete the AIBT task. Participants completed 2 practice trials, and the experimenter gave additional verbal instructions for any participants for whom the task was unclear. After finishing the AIBT task, participants completed the questionnaire measures. Participants in the patient group then began the ABM training protocol (to be described elsewhere). On completion, all participants were debriefed as to the nature of the studies. This study procedure took approximately 45 to 60 minutes.
Data analysis plan
The AIBT task provides 2 types of data: (1) ratings of interpretations (ie, participants' ratings of the different interpretations, in terms of whether they come to mind and their believability, on a scale of 1-5), and (2) forced choice of interpretation (ie, participants' choice of one interpretation, in terms of whether they come to mind and their believability, for each situation). The ratings data allow us to consider more subtle quantitative differences between individuals in the endorsement of benign and negative interpretations independently, which cannot necessarily be detected with the forced choice data. Thus following previous reports, 21 we present only the ratings data here. Indeed, inspection of forced choice data reveals broader main effects of group but no interactions with context or block, supporting these assumptions (forced choice data available on request).
Group comparisons
To examine whether interpretations of ambiguous situations differed between adolescents with and without chronic pain (ie, patient group vs control group), we performed a multivariate repeated-measures analysis of variance (ANOVA). Specifically, we used a 2 3 2 3 2 repeated-measures design with valence (negative or benign word endings), context (bodily threat or social), and block (interpretation generation or belief), as withinsubject factors, and group (chronic pain or controls) as a between-subjects factor. A repeated-measures ANOVA was chosen because we were interested in whether the effect of group on both negative and benign interpretations depended on whether participants reported on interpretations coming to mind (interpretation generation) or their belief in those interpretations being true (interpretation belief) (ie, block), and whether interpretations varied across context (bodily threat or social situations). Performing a single analysis to investigate these questions afforded the most stringent approach to reduce error from multiple comparisons. If a 4-way interaction was found, we first decomposed this interaction to investigate the presence of 3-way interactions separately for bodily threat and social items. We chose to decompose 4-way interactions this way (ie, by context) because we hypothesised that patients with chronic pain would show biased interpretations specifically for pain and bodily threat information, rather than for social information, whereas all other comparisons (ie, valence: negative, benign; block: generation, belief) were exploratory. Significant findings were subsequently followed by Bonferroni-corrected analyses of simple main effects.
Participants in the patient and control groups differed significantly in age and sex (see section 3.1.2). Thus, if group differences in AIBT task indices were found, we investigated whether age and sex could explain these group differences by exploring whether age and sex were associated with those AIBT task indices. Analyses of variance would also be re-run including sex and age as covariates. In addition, if group differences in the AIBT task were found, we investigated whether these differences could be explained by differences in mood by examining whether anxious and depressive symptomatology was associated with the implicated AIBT task indices. Analyses of variance would also again be re-run including anxiety and depressive symptomatology as covariates.
Associations with disability
If group differences were identified for any of the AIBT task indices, analyses were then performed to examine whether these indices were linearly associated with disability for adolescents with chronic pain, and whether they could explain unique variance in disability beyond what is explained by measures of pain severity (pain intensity and frequency in the preceding 3 months) and pain catastrophizing. To do so, we performed hierarchical regression analyses with the relevant AIBT task index entered in the first step, and pain intensity, frequency, and catastrophizing score entered in the second step. Functional disability (FDI score) was entered as the dependent variable. Functional disability data were collected only from adolescents with chronic pain, so we performed this analysis only for the patient sample (N 5 66).
Significance testing
For all analyses, P , 0.05 was the cut-off for statistical significance, but exact P values are reported in the text to aid critical interpretation of the data. For the ANOVA analyses, partial eta-squared (h 2 p ) effect sizes are reported (small effect size 5 0.01; medium effect size 5 0.06; and large effect size 5 0.14 8, 42 ). Where assumptions for homogeneity of variance are not met, we report statistics for equal variances not assumed. Forty-four adolescents (66.7%) reported experiencing pain every day in the last 3 months, 20 (30.3%) reported pain on most days, and 2 (3%) reported pain on about 1 day per week. Thirty-one (47%) adolescents reported that they had taken pain medication at some point in the weeks leading up to the study.
Results
Demographic group comparisons
Adolescents with and without chronic pain reported similar levels of generalised anxiety (RCADS GAD subscale, patients: (1) 5 11.58, P 5 0.001) (see Section 2.4.1 for details on how we controlled for these differences in statistical analyses). Of note, because of a technical fault, data on age were not recorded for one participant in the control sample. Thus, descriptive statistics of age do not include this participant.
AIBT task results
To examine whether adolescents with and without chronic pain differed in their interpretations of ambiguous situations, a 2 (valence) 3 2 (block) 3 2 (context) ANOVA was conducted with group (chronic pain vs controls) as between-subjects factor. The multivariate test yielded main significant effects for valence, Table S1 in supplementary materials for full description of all main and interaction effects, available online at http://links.lww.com/ PAIN/A364).
To decompose the 4-way valence 3 block 3 context 3 group interaction, which subsumed all other interactions, we first performed 2 (block) 3 2 (valence) ANOVAs with group (chronic pain vs controls) as between-subjects factor separately for bodily threat items and social items (see Section 2.4.1 for details). These analyses revealed a valence 3 block 3 group interaction for bodily threat items F 1,138 5 4.91, P 5 0.03, h Figure 1 . Again, all other interactions failed to reach significance (see Table S2 in supplementary materials for full description of all main and interaction effects using separate bodily threat and social analyses, available online at http://links. lww.com/PAIN/A364).
Thus, Bonferroni-corrected analyses of simple main effects were performed for the bodily threat items only, with group (chronic pain vs controls) as the focus for comparison. These analyses revealed that adolescents with chronic pain were significantly more likely to reject benign interpretations of bodily threat situations when reporting on belief in those interpretations than adolescents without chronic pain (P 5 0.011). There were no significant group differences when reporting on whether interpretations came to mind (negative interpretations: P 5 0.40; benign interpretations: P 5 0.16), or for negative interpretations when reporting on belief in those interpretations (P 5 0.09).
To examine whether group differences in benign belief items could be explained by group differences in age and sex, we first performed Pearson or point-biserial correlations between age and sex (respectively) and the benign belief items. These analyses revealed no associations between benign belief items and sex (r 5 0.02, P 5 0.85) or age (r 5 0.16, P 5 0.06), suggesting that group differences in age and sex cannot explain differences in interpretations. We also performed an additional repeatedmeasures ANOVA as described above, but including age and sex as covariates. In this analysis, the significant 4-way valence 3 block 3 context 3 group interaction remained significant (F 1,135 5 7.09, P 5 0.009, h 2 p 5 0.05), again suggesting that group differences in age and sex did not drive effects.
Finally, similar to previous studies, 21, 48 we examined whether group differences in the benign belief items could be explained by anxiety and depressive symptomatology by performing Pearson correlations between anxiety and depression scores and the benign belief items. Again, these analyses revealed no associations between benign belief items and anxiety (r 5 0.02, P 5 0.84) or depressive (r 5 20.08, P 5 0.36) symptomatology. Of note, although, there were significant associations between the AIBT task social items and anxiety and depressive symptomatology (see Table S3 in supplementary materials for correlation table, available online at http://links.lww.com/PAIN/A364), in line with previous findings from the psychopathology literature. 9, 15 In addition, when performing the repeated-measures ANOVA described above again, but including anxiety and depression scores as covariates, the significant 4-way valence 3 block 3 context 3 group interaction remained significant (F 1,136 5 6.59, P 5 0.011, h 2 p 5 0.05), again suggesting that AIBT task differences in interpretations between adolescents with and without chronic pain cannot be explained by differences in anxiety and depressive symptomatology.
Associations with disability
Given that group differences on the AIBT task were found, specifically for belief in benign bodily threat items, we next examined whether this interpretation index was linearly associated with levels of functional disability in the patient sample. We also examined whether this interpretation index explained unique variance in functional disability beyond what is explained by other important factors that have been previously associated with disability, ie pain intensity, frequency, and catastrophizing. To do so, we conducted a hierarchical multiple regression analysis with belief in benign bodily threat interpretations entered in the first block, and pain intensity, frequency, and catastrophizing scores entered in the second block. Results for the regression analysis are reported in Table 1 . Specifically, patients belief in benign bodily threat interpretations explained a significant amount of the variance in patients' levels of functional disability (F 1,64 5 5.78, P 5 0.019, R 2 5 0.08). Adding pain intensity, frequency, and catastrophizing (PCS) scores further improved the model (F 4,61 5 9.12, P , 0.001; R 2 5 0.37, P , 0.001); however, patients' belief in benign bodily threat interpretations remained a significant predictor of functional disability. Specifically, in the model including all variables, both pain intensity (beta 5 0.44, t(61) 5 4.12, P , 0.001) and belief in benign bodily threat interpretations (beta 5 20.26, t(61) 5 22.51, P 5 0.02) significantly predicted levels of functional disability, whereas pain catastrophizing score (beta 5 0.19, t(61) 5 1.77, P 5 0.08) and pain frequency (beta 5 0.06, t(61) 5 0.53, P 5 0.60) were nonsignificant. This suggests that the index of belief in benign bodily threat interpretations explains unique variance in patients' levels of functional disability even when controlling for severity of chronic pain and pain catastrophizing. Table S4 in supplementary materials also presents simple Pearson correlations between the pain factors linked to disability and AIBT bodily threat indices (available online at http://links.lww.com/PAIN/A364).
Discussion
This study used the Adolescent Interpretations of Bodily Threat (AIBT) task to compare interpretations of ambiguous information between adolescents with and without chronic pain. In the task, vignettes describing ambiguous situations that could be interpreted as signifying pain and bodily threat, and those that could be interpreted as negative social situations, are presented. Adolescents with chronic pain endorsed benign (ie, nonthreatening) interpretations of ambiguous bodily threat situations less than adolescents without chronic pain, particularly when reporting on their belief in those interpretations being true. These differences in interpretational style were not evident for social situations, and not explained by differences in anxious or depressive symptoms. Weaker endorsement of benign interpretations was also associated with more functional disability even after controlling for chronic pain severity (indexed by pain intensity and frequency in the preceding 3 months), and pain catastrophizing. These results suggest that interpretations of ambiguity over situations regarding pain and bodily threat varied between adolescents with and without chronic pain, and may be clinically relevant for understanding levels of functioning among adolescent patients with chronic pain.
Our findings are consistent with adult studies, which have demonstrated differences between chronic pain patients and controls on a range of interpretation bias tasks. These tasks have typically assessed responses to single word stimuli such as homographs and homophones (eg, pain or pane, terminal), 48, 49 incomplete word stems, 18 or ambiguous facial expressions, 29 rather than to more realistic situations as assessed by the AIBT task, or other vignette-based tasks used in community adult samples. 26, 27, 59, 60 The AIBT task is also useful for distinguishing whether pain-associated differences arise because of higher ratings of negative interpretations or lower ratings of benign interpretations. Our findings suggesting differences only in the endorsement of benign, but not negative interpretations are somewhat out of line with adult studies, where patients with chronic pain are shown to interpret ambiguous words and faces in a negative, threat-related way. 51 This difference may be due to age differences between studies or differences in task parameters. For example, whilst the AIBT task allows for ratings that span a range of certainty, previous studies using single word stimuli have typically measured only which interpretation first comes to mind (eg, Refs. 48, 49) , which may produce more extreme results. Nonetheless, as these findings around benign interpretations are also in line with our previous study using the AIBT task in a community adolescent sample, they could suggest that interventions encouraging stronger belief in benign interpretations could be potent for adolescent chronic pain patients.
Our findings also extend understanding of cognitive factors in pediatric pain. Previous studies have indicated that youth with chronic pain are characterised by biases in the way they attend to 2, 3, 23, 61 and remember 31 pain-related information. We present here evidence that biased interpretations of ambiguous bodily threat information are also relevant for the experience of chronic pain in youth. Going forward, it will be important to investigate the role of development in the manifestation and influence of interpretation and appraisal processes across childhood and adolescence. For example, it is interesting that in this study, group differences emerged only when adolescents reported on their belief in interpretations being true (interpretation belief), rather than whether those interpretations came to mind (interpretation generation). This indicates that adolescents do have the cognitive capacity to differentiate their own interpretations from reality. Future studies could investigate whether changes in cognitive capacity across childhood, adolescence, and adulthood are associated with changes in pain-relevant interpretation processes. It will also be interesting to investigate whether similar findings emerge when adolescents are presented with additional contextual cues that may increase or reduce their belief in their initial interpretations.
The current findings are also relevant for the broader literature on cognitive biases and chronic pain. Most work to date has focused on biased attending to pain-related information. In particular, studies highlight the importance of hypervigilance and selective attention for pain, 14, 22, 62 interruption by pain, 1, 16 and difficulty disengaging from pain. 16, 28 Yet, in recent theoretical models, biased attending is proposed as an outcome of biased interpretation, specifically, in the interpretation and appraisal of pain and pain-related information as threatening. For example, the Misdirected Problem-Solving Model 17 suggests that the belief that pain is harmful and requires a solution will increase the likelihood that patients will classify ambiguous stimuli as pain-and threat-related, and this interpretation bias will in turn enhance attentional capture and interruption by pain, driving avoidance of activities, and thus disability. More recently, Todd and colleagues synthesized prospective and intervention studies to develop the Threat Interpretation Model. 57 This model proposes that the classification of stimuli as pain and threat relevant will lead to a pattern of attentional vigilance-avoidance. Thus, recent reconceptualizations suggest that biases in interpretation may in fact drive biased attending, and may therefore be a more relevant target for intervention. 11, 51 Relatedly, there already exist novel cognitive training tools that use simple learning mechanisms to encourage more negative or benign interpretations of ambiguous situations, 32, 34, 50 and these tools have recently been applied to an experimental pain setting. 24 This study has various limitations. First, the cross-sectional nature prevents causal hypotheses from being tested. Frequency effects could explain our findings, that is, patients with chronic pain may demonstrate different interpretations of ambiguity simply because of their repeated experiences with bodily pain, poor health, and medical settings. However, if this were the case, we would expect group differences in the endorsement of negative interpretations as well as benign interpretations. Nonetheless, longitudinal studies will be necessary for assessing whether or not interpretations causally predict pain chronicity. It will also be useful to recruit additional control groups, for example adolescents who are tested in a medical setting but who do not have pain. Second, although our findings remained significant when controlling for anxious and depressive symptoms, it is interesting that our groups did not differ on these measures. Previous studies typically report elevated levels of anxiety and depression in chronic pain samples, 58 and our findings remain to be replicated in other clinical and community samples where mood differences may emerge. Also, our 2 groups differed on age and sex, and although analyses indicated that these factors do not explain current findings, replications with matched samples, in particular from other research groups, are warranted. Third, the patient group was recruited for the purposes of this study as well as for an intervention study (data not yet reported), which could affect expression of interpretation biases, although it is difficult to know whether this contextual difference would lead to overor under-estimation of biases.
In addition to these limitations, given that the AIBT task items are broadly associated with ill health and bodily threat, we cannot suggest if our findings are reflective of a more specific sensory processing bias in which mild sensations, or ambiguous sensations, are interpreted as painful. 45, 48 Indeed, a sensory processing bias is most strongly implicated in cognitive-affective models of chronic pain, and may be most relevant for understanding pain chronicity and maintenance. However, recent models (eg, Ref. 39 ) have emphasised that broader appraisals of bodily threat are also important in chronic pain. Further studies on the specificity of interpretation bias in contributing to chronic pain will be fruitful for comparing and contrasting these models. In addition, although our hypothesis that biases would be specific for bodily threat and not social items was driven by cognitive models of pain, previous research has shown that some patients with chronic pain report social difficulties as a consequence of their pain. 53, 54 The social impact of chronic pain, especially for peer interactions, may be especially relevant in adolescence, in which individuals undergo a process of social reorientation entailing increased affiliation with peers, relative to family members. 33, 40 On this basis, we may expect to see interpretation biases that extend to ambiguous social situations in adolescent patients who have experienced negative social consequences of their pain, and future studies should investigate the role of social factors in bias specificity. In addition, we measure interpretation "generation" by asking participants whether an experimentergenerated interpretation came to mind. Future studies using the AIBT task could include a free response component to better measure self-generation of interpretations. Finally, it is interesting that the benign bodily threat interpretation index was linearly associated with functional disability but not pain indices in the patient sample (see Table S4 in supplementary materials, available online at http://links.lww.com/PAIN/A364). Findings require replication and extension in larger samples to disentangle the role of pain-related interpretations in patients' pain experiences and pain-related functioning.
Adolescents with chronic pain, compared with healthy controls, were less likely to believe benign interpretations of ambiguous bodily threat information. This interpretation pattern was associated with more disability among adolescent patients, even after controlling for severity of chronic pain and pain catastrophizing. The current findings extend our understanding of the role and nature of cognition in adolescent pain, and provide justification for using the AIBT task in longitudinal and training studies to further investigate causal associations.
